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Abstract 
The knowledge of the customer's perception of a product is a precondition to reduce efforts in product development. This paper 
presents the results of a study in which stochastic, e.g. leather-like, surfaces have been analyzed in terms of their perceived 
roughness using Multi-Dimensional-Scaling (MDS). 100 naive, male and female subjects, aged 16-72 were asked to evaluate the 
roughness of 24 different surfaces. Focus of this study was to analyze the effect of demographic factors such as age and gender 
on the haptic perception of surface roughness. The correlation between haptic perception and physical parameters (e.g. Rsm) is 
used to predict the haptic perception for rough surfaces for different customer groups.  
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1. Introduction 
Today, consumer products in mature markets (e.g. 
automobiles, electronics, etc.) often share similar 
functionalities. Thus, for products to stand out from their 
respective markets, differentiation via non-functional, product 
attributes is vital. For this purpose designers focus on a 
products visual design. At the same time, haptic product 
attributes are essential for a product’s perception by the 
customer [1, 2]. To describe the perceived characteristics of a 
product, the term perceived quality is used. Garvin [3] 
described the Perceived Quality as a very ambiguous 
construct, which is influenced by e.g. the image of a company 
[4], the experiences of the user [5] and the sensory perception 
of a product before, during and after purchase [6]. Human 
perception differs from subject to subject, e.g. it is known that 
the visual perception decreases with age, but it is not yet 
known if the haptic perception does so as well. [7–9] 
Therefore, in order to develop customer oriented products, the 
target group and their ability of haptic perception is of interest 
for a company. 
An approach has been developed by Schmitt et al. [10], 
which enables manufacturers to break down the holistic 
impression of a product into descriptors and technical 
parameters. According to Schmitt et al. a human is able to 
characterize a product by using descriptors. This is the most 
detailed level of sensory impression a human is able to 
describe while evaluating a product. For example the 
perceived roughness of a surface is a descriptor. To objectify 
descriptors for the purpose of having a common understanding 
of the perception, correlations with measurable technical 
parameters of a product need to be identified. 
In order to acquire knowledge about the customers haptic 
perception and their preferences, a methodology to objectify 
specific haptic quality characteristics has been developed and 
applied by the authors Neumann et al. und Frank et al.[11, 12]. 
This work presents further results of a study in which 
stochastic, e.g. leather-like, surfaces have been analyzed in 
terms of their perceived roughness using Multi-Dimensional-
Scaling (MDS). Focus of this study was to analyze the effect 
of demographic factors such as age and gender on the haptic 
perception of surface roughness. 
2. State of Research 
A number of papers have discussed the correlation between 
subjective haptic perception and technical measurements of 
surfaces in the past. Lederman and Taylor (1972) have 
conducted several studies on perceived roughness. In one, 
subjects rated 8 surfaces with different groove widths 
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the 26th CIRP Design Conference
578   Annika Neumann et al. /  Procedia CIRP  50 ( 2016 )  577 – 582 
regarding the perception of roughness. Result of the study 
show that the groove width has an influence on the perception 
of roughness.[13] 
The correlation between measureable surface 
characteristics and roughness perception has been reviewed 
by Hollins and Bensmaia (2005, 2007). The result of their 
studies is, that for relatively coarse surfaces (spatial period 
>0.2mm), the spatial period is a good predictor for perceived 
roughness. For finer surfaces (spatial period <0.2mm), they 
found out that the spatial period is not an optimal predictor. 
They attribute this difference to the fact, that Pacinian 
corpuscles of the human skin are responsible for the 
characterization of these finer surfaces, through the vibration 
between the surface and the skin. [14, 15] 
Several studies on perceived roughness have been 
conducted by Bergman and Tiest (2007). In one, 96 surfaces 
were rated by 12 subjects. The correlation coefficient between 
the evaluation and the physical measurements (e.g. Ra, Rz) 
was between 0.4 and 0.8 varying between the subjects. A 
major result of the study was the observed deviation of the 
physical roughness from perceived roughness. [16] 
The study of Chen et al. (2009) focused on the link 
between perception and physical characteristics of packaging 
materials. During one study different packaging materials 
were rated on different scales, like warm/cold and 
smooth/rough. The subjects had to give a statement on their 
hedonic impression (like, do not like, unsure). The result of 
the study was a determination coefficient of R²~0.6 between 
the roughness perception and the physical characteristics (Ra). 
[17] 
First evaluations with MDS were already conducted in the 
‘60s. MDS is a method of visualizing similarities and 
dissimilarities of individual cases of a dataset. MDS evaluates 
datasets in such a way that objects become spatially arranged 
so that the distances between the respective objects relate to 
the imposed similarities/dissimilarities. The greater the 
distance between objects, the more dissimilar they are. In 
accordance with the minimum condition the dimension of the 
representation space should remain as small as possible. The 
S-Stress is a normalized measure of variance. It is calculated 
by taking the square root of the normalized squared 
discrepancies between interpoint distances in the MDS plot 
and the smoothed distances predicted from the dissimilarities 
collected through the pairwise comparisons. Yoshida (1968) 
used MDS for evaluating the similarity of eight objects. He 
came to the conclusion that the rating of similarity potentially 
correlates with haptic perception. [18, 19] Hollins et al. 
(1993) [20] conducted a study with 20 subjects and 17 tactile 
stimuli using MDS with the result of three dimensions. The 
first two dimensions are roughness-smoothness and hardness-
softness which were found to be robust for the differentiation 
of surface texture, the third dimension has not been clearly 
defined by the authors. Bergmann Tiest et al. 2005 [18] 
evaluated more than 124 different surfaces and identified that 
haptic perception can be described on a 4 dimensional scale. 
Two dimensions are identified as roughness and 
compressibility, the other two dimension are not clearly 
defined by the authors. For the past few years MDS became 
more and more important for multivariate and explorative 
data analysis, to identify scales for the perception. [21]  
None of the mentioned studies was able to predict human 
perception of roughness using physical material parameters to 
a sufficient degree. In the industry different samples sets 
(e.g.Rupert Company or Sensotact) for haptic comparison are 
available but not further evaluated have been done. 
Furthermore, the influence of the demographic data of the 
subjects has not been evaluated.  
In order to achieve a proper method to connect the 
technical parameters and the perception of roughness, MDS 
will be used to identify the scales in this study. Frank et al. 
(2015) [11] presented the first results of the study, the 
correlation of vibration signals with the perceived roughness 
of different surfaces, and compared those with the results of 
the correlation between the standard roughness values and the 
perceived roughness. The paper at hands will present an 
approach to identify the influence of the demographic data of 
the subjects of the perception of roughness using the dataset 
from Frank et al. [11] One hypothesis is, e.g. that older 
subjects perceive different than younger subjects. 
3. Methodology 
In order to identify the influence of demographic variables 
on the haptic perception of roughness, four steps are 
necessary: 
1. A set of different materials needs to be identified. 
2. The materials need to be analyzed technically in order 
to receive objective and comparable results. 
3. A sensory study needs to be executed including the 
collection of different demographic information, a 
pairwise comparison to create the MDS and an 
evaluation using a ordinal scale. 
4. The statistic analysis of the collected data is necessary 
to correlate the technical data and the haptic perception 
to identify differences in haptic perception between the 
demographic groups. 
3.1. Selection of materials (Step 1) 
The haptic perception depends on the surface structure of a 
material. [22] Groove- and ridge width as well as the spatial 
period are distinctive parameters for roughness [13, 23]. 
Neumann et al. (2015) [12] showed that the surface structure 
is not relevant, but the Rsm value has an impact on the 
roughness perception of geometrical surfaces. Therefore, 24 
samples from natural materials (e.g. leather, wood, paper, sand 
paper) with different technical parameters were chosen in this 
study to evaluate transferability of results from the 
geometrical surfaces (e.g. Ssk, Sa, Sv, Sku). 
According to Yoshioka et al. (2001) [24] the spatial 
period (RSm) value is one of the most important factors for 
the perception of roughness. Regarding the RSm value, 
surfaces with smoother and rougher surface structures vary in 
their haptic perception. In total 24 surfaces (two sets with 12 
surfaces) with common materials have been selected as 
natural surfaces. Further technical parameters (Ssk, Sa, Sv, 
Sku) were evaluated which showed the best correlation with 
the haptic perception of the geometrical surfaces in former 
579 Annika Neumann et al. /  Procedia CIRP  50 ( 2016 )  577 – 582 
studies. [12] Materials like different wallpapers (internal 
classification: P1, P4, P6, P7), sandpapers (A3, A5, A6, A7, 
SP1, SP3), corrugated cardboard (P8), wood (H3), cellular 
rubber (K1), leather (L2, L7, L9, L10), leather grain (B6, B7) 
and leather imitation (KL6, KL11, KL12) have been selected. 
All surfaces were cut to the same size (70mm x 50mm) to 
ensure that the results of the haptic study are not affected by 
different sizes of the test items. An overview of the stochastic 
surfaces with their technical parameters is given in table 
1.[12] 
3.2. Measurement of the surface roughness (Step 2) 
Different methods have been developed to gather data of 
initial surface roughness for machined parts, in order to meet 
roughness specifications. When measuring a profile (2D) the 
ISO 4287 [25] specifies distinctive values for roughness (R-
values). For RSm value is the average pitch, the Ra value the 
medium arithmetic roughness, and the Rz value describes the 
maximum profile roughness profile height. When measuring 
the surface (3D) the ISO 25178 [26] describes surface 
measurements and defines distinctive values (S-values). 
Table 1. Overview of the stochastic surface structures. [12] 
 Surface 
Code 
RSm 
[mm] 
Ssk [1] Sa [μm] Sv [μm] Sku [1] Set 1 Set 2 
Su
rf
ac
es
 w
ith
 lo
w
 R
S
m
 
A5 0.193 -0.60 7.5 77.5 5.01  x 
A3 0.195 -1.11 14.6 206 8.97  x 
H3 0.198 0.12 13.8 93.1 3.6  x 
A7 0.218 -1.76 5.5 59.8 9.14  x 
B6 0.227 -0.34 6.4 66.4 3.71 x  
K1 0.262 -2.49 11.1 169 17  x 
L10 0.264 -0.45 17.9 86 3.01 x  
SP1 0.266 0.23 25.7 116 3.05  x 
KL12 0.268 -0.41 33.7 118 2.07 x  
L7 0.271 -0.71 24.7 126 3.04 x  
L9 0.292 -0.25 12.5 57.4 2.66 x  
KL11 0.294 -0.25 20.8 91.2 2.38 x  
Su
rf
ac
es
 w
ith
 h
ig
h 
R
S
m
 
P6 0.459 0.22 160 292 1.55  x 
A6 0.471 0.41 63.9 218 2.24  x 
P7 0.532 0.05 120 337 2.47  x 
SP3 0.534 0.51 106 281 3.35  x 
RaRL8 0.537 0.60 98.2 251 2.64  x 
P8 0.538 0.08 349 724 1.7  x 
L2 0.557 -0.49 80.2 304 2.53 x  
B7 0.573 -0.21 36.2 116 1.89 x  
LiRL6 0.690 0.90 40.4 121 2.37 x  
P1 0.715 1.89 52.2 114 5.69 x  
KL6 0.787 -0.41 106 306 2.06 x  
P4 0.993 1.14 99.4 228 3.41 x  
 
The 24 stochastic surfaces were measured by using a 3D-
profilometer (Alicona Infinite Focus) using a Gauss-Filter 
with λc=0.8mm and lr=4,29mm (Alicona Infinite Focus) to 
create 3D-profiles of every surface. In total 13 2D-roughness-
paramters (R) (ISO 4287 [25] and ISO 4288 [27]) and 10 3D-
roughness-parameters (S) (ISO 25178 [26]) were selected for 
the data evaluation out of 167 different characteristics for 
each surface based on the results of previous studies [12].  
In addition to the standard measurements, the surfaces 
were evaluated using a biomimetic sensor (Syntouch BioTac), 
which was mounted to a six-axis industrial robot (ABB IRB 
120) to provide the necessary movement. The BioTac sensor 
is a novel sensor developed at the University of Southern 
California, which is able to detect static pressure, 
microvibrating pressure, temperatures and temperature 
gradients during movement over a surface. As such, it is able 
to mimic the response of the human mechanoreceptor system 
to a certain degree. Fishel (2012) was able to show, that it is 
possible to discriminate different textures with very high 
accuracy (>99 %) using the BioTac [28]. 
3.3. Sensory Study (Step 3) 
As mentioned, the aim of the performed study was to 
investigate if the perceived roughness can be explained by the 
technical roughness. In addition the influence of demographic 
characteristics on haptic perception was to be investigated. 
Therefore, the following hypotheses were formulated: 
x Hypothesis 1:  
Roughness values measured by a 3D micro coordinate 
measurement machine 3D-scanner correlate with the haptic 
perception of the subjects. 
x Hypothesis 2:  
Demographic characteristics such as gender, age or 
professional background affect the haptic perception of the 
subjects. 
Sensory studies are mainly used in the food industry, to 
objectify the human perception. The so-called profile method 
(DIN 10967-1 [29]), is used to describe food by its aromas. 
Falk et al. (2014) [30] adapted the profile method in two 
research projects  to analyse haptic perception [31]. This 
approach is partly applied in this study. 
Two sets of 12 different surfaces were used for this study, 
one consisting mostly of sand-paper and similar technical 
surfaces and one consisting mainly of leather and artificial 
leather. This surface assignment occurs also due to extent 
problems caused by the rating method. By implementing the 
rating method, every possible pair of surfaces has to be 
formed. The number of pairwise comparisons is increasing 
exponentially with each additional surface, e.g. 66 pairwise 
comparisons have to be done for a set of 12 surfaces. For a set 
of 24 surfaces 276 pairwise comparisons would be necessary. 
This would exceed the subjects level of resilience. However, 
as the rating method can be used directly for a statistical 
analysis the advantages of the rating method outweigh its 
disadvantages. During the rating method, about 100 subjects 
were asked to evaluate the dissimilarity of each surface 
compared to every other surface in terms of their perceived 
roughness on a seven-point scale (1= very small dissimilarity; 
7 = very high dissimilarity). Subjects were not able to see the 
surfaces during the execution of the study to prevent 
influences from visual differences. 
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In the further course of the performed study an analytical 
and hedonic examination of the two sets took place. For both 
examinations a seven-point scale (1= smooth; 7= rough) was 
used. During execution of the hedonic examination the 
subjects were asked to evaluate the surfaces in relation to two 
application scenarios. The hedonic examination was carried 
out using a JAR-scale (Just-About-Right-scale). The results of 
the analytical and hedonic examination can be used for a 
descriptive analysis as well as for interpretative approaches of 
MDS.  
In order to be able to evaluate the influence of 
demographic variables, subjects were selected randomly from 
a heterogeneous group. Moreover, a blockwise randomization 
is implemented thus confounding variables can be controlled. 
The data extracted through the standardized measurements 
and the sensory study were analyzed using the software 
solutions SPSS, Minitab and Excel. 
3.4. Data analysis (Step 4) 
First, a descriptive analysis of the analytical and hedonic 
examination was executed. The number of mentions, the 
median values and the mean values were determined to get a 
first impression whether demographic influence factors exist. 
Median and mean value are relatively similar by definition, 
but there is less influence of outlier values when looking at 
the median. On the other hand, the mean value allows a better 
differentiation of the empirical data. Thus, both values are 
considered. Therefore, empirical data is divided and evaluated 
based on the age, gender and professional background. In a 
second step, the correlation between the measured roughness 
values and the mean values of the analytical examination of 
all subjects was determined to evaluate the significance of the 
correlation. For this purpose, a regression analysis is 
implemented afterwards. In a final step, data from the rating 
method was analyzed using nonmetric MDS to identify the 
number of dimensions necessary to sufficiently describe the 
differences in perceived roughness within the study results. 
For this purpose, the data from the pairwise comparisons were 
evaluated by creating a dissimilarity matrix from the mean 
values of the dissimilarity ratings by the subjects participating 
in the study. Using these mean values, the number of 
dimensions which describes the dataset with a sufficiently low 
S-stress value was determined with the scree plot method. In a 
scree plot, the amount of S-stress (Kruskal´s stress) is plotted 
against the number of dimensions. [32]  
Since the S-Stress decreases with increasing number of 
dimensions, one is looking for the lowest number of 
dimension with an “excellent” stress. An “elbow” in the scree 
plot points out, that a higher number of dimensions would 
yield only a small improvement in terms of configuration. 
Thus, the best fitting MDS model has as many dimensions as 
the dimensionality at the elbow of the scree plot. 
4. Results and Discussion 
The scree plot of the set consisting mostly of sand papers 
and wallpapers surfaces displays an “elbow” at two 
dimensions, shown in figure 1. For the second set consisting 
mostly of leather and artificial leather surfaces the scree plot 
also results in a two dimensional representation space. With a 
S-stress 1 of approx. 0.025 the quality of both configurations 
is excellent.  
One option to investigate hypothesis 1 is to look for groups 
of objects in the MDS map (figure 2). For the set consisting of 
leather and artificial leather surfaces a group of six objects 
can be detected. For all these surfaces a small Rsm value was 
measured. Additional to that, all surfaces were rated with a 
mean value between 1.2 and 2.3 at the analytical examination 
(on a seven-point scale: 1= very smooth surface, 7= very 
rough surface) by the subjects. All other surfaces are mapped 
in some distance to that group and were rated considerably 
rougher by the subjects. Thus, smooth surfaces are rated much 
more similar than rough surfaces. This leaves the conclusion 
that the distinction of smooth surfaces is more difficult for the 
subjects than the distinction of rough surfaces. Nevertheless, 
the texture of surfaces seems to influence the similarity 
assessment of them as well. All the mentioned predictions can 
be verified by the MDS map for the set mostly consisting of 
sand papers and wall papers.  
Furthermore, it is notable that the smoothest rated surface 
and the roughest rated surface of the analytical examination of 
both sets are the left-most respectively the right-most 
objective in both of the MDS maps. This indicates that the 
first dimension of the MDS map is correlating with the data of 
the analytical examination (haptic perception). Thus, the mean 
values of the analytical examination are compared with the 
values of the first dimension of the MDS maps. This results in 
correlation coefficients according to Pearson (linear 
correlation of former analysis) in the amount of ϱ=0.991 
respectively ϱ=0.972. According to this the majority of 
dimension 1 can be characterized by the haptic perception. In 
Dimensionality
No
rm
al
ize
d 
St
re
ss
 
Va
lu
e
Figure 1 Scree plot of set 1 displays an “elbow” at two dimensions Figure 2 Two dimensional MDS representation of set 1(left) and set 2 (right) 
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accordance with the solutions of MDS at least one different 
impact factor besides roughness seems to influence the 
perception of similarity (second dimension of MDS space). 
Based on the descriptive analysis of the analytical 
examination and the investigation of correlation between the 
measured roughness values by a 3Dprofilometer and the mean 
values of the analytical examination there is increasing 
evidence, that haptic perception correlates with standard 
roughness values. Due to a high correlation between some of 
the roughness values (e.g: Rsm, Ssk) and the mean values of 
the analytical examination (R² for Rsm= 0.936 for set of 
leather surfaces (Set 1) and Rsm= 0.822 for a set of sand paper 
and wallpaper surfaces (Set 2)) a correlation between the 
roughness values and the haptic perception is regarded as 
being very probable. The Rsm-value (which is the mean value 
of the profile element widths within a sampling length [25]) 
has been identified by Lederman [33] as the most important 
parameter for the haptic perception of roughness. The Ra-
value (which is the arithmetical mean of the absolute ordinate 
values within a sampling length [25]) does not influence the 
haptic perception according the findings of Yoshioka et al. 
[24], since the receptors are stimulated by contact with the 
surface. The 3D-roughness-parameters, like Ssk (which is the 
skewness of scales limited surface [26]), show better 
correlations than Sa (which is the arithmetic average height of 
scales limited surface [26]). The contact point between the 
surface and the finger might be more relevant than the height 
of the surface structure. Further investigations are necessary.  
The descriptive analysis of the statistical examination and 
MDS both show that hypothesis 2 can be rejected. For the 
analysis of the influence of the age regarding the haptic 
perception the following division was made: subjects aged 
under 25, 25-34, 35-44, 45-54, 55 and above (see figure 4). 
By looking at the median values and the mean values of the 
analytical examination no difference between male and 
female regarding the haptic perception can be made. The 
results of the descriptive analysis are significant, due to this 
further analysis, like ANOVA are not necessary. The median 
values of male and female subjects are dead even for all 24 
surfaces (which makes a t-test redundant). An additional 
consideration of the mean values confirms that haptic 
perception isn’t affected by gender. For all 24 surfaces only 
small differences can be determined regarding the mean 
values. Moreover, these differences aren’t trending. Figure 3 
shows the median values of set 1 divided in male and female 
subjects resulting from the analytical examination with 
growing Rsm value from left to right. By looking at the figure 
4 and table 1, it can be stated that surfaces (e.g. P1, P4) with a 
higher Rsm value are rated rougher beside the surface KL6. 
Similar observations can be made when looking at the median 
and mean values of set 2.  
Moreover, the aggregated MDS space of all female 
subjects as well hardly differs from the aggregated MDS 
space of all male subjects. Neither the age nor the professional 
background seems to affect the haptic perception. Once again 
by looking at the median and mean values hardly any 
difference regarding the haptic perception can be made 
between the several age groups. Small deviations occurring 
between the groups can be explained by standard deviation. 
Figure 4 shows the mean values of set 1 for all age groups. 
The spread between the groups is very small for every 
surface. In this case also no trend can be spotted.  
The professional background also doesn’t seem to affect 
the haptic perception either. Mean and median values do not 
show a difference between subjects with an artisanal 
profession and subjects with an administrative profession. 
Therefore, an impact of all investigated demographic 
characteristics on the haptic perception can be denied.  
By looking at the variance of the analysis, a deviation is 
noticeable (Table 2). Solely for the smoothest and the 
roughest surface the deviation is smaller than for the middle 
range. These surfaces are rated with the extreme value 1 
respectively 7 by most of the subjects. The evaluation of all 
other surfaces varies considerably and thus restricts the 
informative value. A prediction that can be used e.g. for 
product development would therefore be difficult. 
5. Outlook and Conclusion 
The paper presents the results of a study in which 100 subjects 
evaluated the perceived roughness of two sets of surfaces 
using a pairwise comparison. The purpose of the study was to 
investigate the perceptions of different surfaces and to collect 
information about similar perceptions. The findings of the 
aggregated MDS are listed below: 
x Smooth surfaces are rated similar regardless of their 
material. 
x Rough surface with comparable technical values are 
perceived alike in the analytical examination, but show 
lager distances in the MDS chart. 
x The distinction of smooth surfaces is more difficult than 
the distinction of rough surfaces. 
x Haptic perception is having a great influence on 
differentiation of surfaces. 
Figure 4 Mean values of set 1 divided in several age groups 
B6 L10 KL12 L7 L9 KL11 L2 B7 LiRL06 P1 KL6 P4
<25 1,080 2,160 1,920 2,240 1,640 1,760 3,040 3,600 5,160 5,280 3,840 6,560
25-34 1,291 2,166 2,208 2,333 1,708 1,708 2,625 3,458 5,041 5,208 3,666 6,208
35-44 1,230 1,846 2,307 2,307 1,538 1,692 2,846 3,692 5,230 5,923 3,615 7,000
45-54 1,285 2,285 2,000 2,476 1,666 2,047 2,809 3,190 4,809 4,904 3,809 6,428
≥55 1,230 2,153 1,923 2,538 1,538 2,076 2,923 3,615 5,076 5,230 4,000 6,230
1
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Figure 3 Median values of set 1 divided in male and female subjects 
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A correlation between the roughness values and the haptic 
perception can be seen as probable due to observations made 
in this paper. Furthermore, this paper shows that the 
demographic variables gender, age and professional 
background do not affect the haptic perception. In order to be 
able to make an exact statement regarding the influence of the 
technical parameters of roughness it is necessary to examine 
more surfaces and to investigate the 3D-roughness-
parameters. Due to extent problems caused by the rating 
method, like the small number of surfaces, this could not be 
realized during the present investigation. With a bigger 
number of samples, a meaningful statement could be made.  
In accordance with the solutions of MDS at least one 
different impact factor besides roughness seems to influence 
the perception of similarity (second dimension of MDS 
space). A further task is to seek further explanation for this 
dimension. A possibility would be the investigation of the 
impact of the height and the lateral variation of the surface 
structure on the perception of roughness. Therefore another 
study must be conducted. 
Table 2. Overview of the variances within the different groups 
  all  ♀ ♂ <25 25-34 35-44 45-54 ≥55 
B6 ݔҧ 1,2 1,3 1,2 1,1 1,3 1,2 1,3 1,2 
 S² 0,257 0,363 0,134 0,083 0,285 0,192 0,214 0,692 
L10 ത 2,1 2,1 2,2 2,2 2,2 1,8 2,3 2,2 
 S² 0,526 0,506 0,559 0,565 0,554 0,308 0,814 0,141 
KL12 ݔҧ 2,1 2,2 1,9 1,9 2,2 2,3 2,0 1,9 
 S² 0,501 0,693 0,237 0,628 0,482 0,731 0,300 0,410 
L7 ݔҧ 2,4 2,4 2,3 2,2 2,3 2,3 2,5 2,5 
 S² 0,803 1,007 0,583 0,494 0,845 1,231 1,062 0,603 
L9 ݔҧ 1,6 1,6 1,6 1,6 1,7 1,5 1,7 1,5 
 S² 0,508 0,513 0,513 0,494 0,555 0,436 0,633 0,436 
KL11 ݔҧ 1,8 1,8 1,9 1,8 1,7 1,7 2,0 2,1 
 S² 0,723 0,708 0,755 0,696 0,635 0,564 1,048 0,577 
L2 ݔҧ 2,8 2,9 2,7 3,0 2,6 2,8 2,8 2,9 
 S² 1,038 1,256 0,791 1,407 1,275 0,641 0,962 0,577 
B7 ݔҧ 3,5 3,5 3,5 3,6 3,5 3,7 3,2 3,6 
 S² 0,842 0,975 0,710 0,783 0,734 0,897 0,662 1,423 
LiRL06 ݔҧ 5,1 5,0 5,1 5,2 5,0 5,2 4,8 5,1 
 S² 1,713 1,780 1,664 1,605 2,038 1,359 2,362 0,910 
P1 ݔҧ 5,3 5,4 5,1 5,3 5,2 5,9 4,9 5,2 
 S² 1,395 1,043 1,783 1,221 2,322 0,577 1,390 0,359 
KL6 ݔҧ 3,8 3,8 3,7 3,8 3,7 3,6 3,8 4,0 
 S² 1,099 0,948 1,291 0,992 1,446 0,923 1,362 0,500 
P4 ݔҧ 6,5 6,3 6,7 6,6 6,2 7,0 6,4 6,2 
 S² 0,819 0,923 0,636 0,439 1,705 0,000 0,357 1,026 
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